proteins involved in essential processes, and many of the ones that are available are nonspecific. The only known small molecules that specifically affect the mitotic machinery target tubulin (1) , a subunit of the microtubules in the mitotic spindle. To identify cell-permeable small molecules that target other mitotic proteins, we developed the screening strategy in (Fig. lA) . First, we used the versatile whole-cell immunodetection (cytoblot) assay (2) (4) . After molecules that target pure tubulin (5) were eliminated, the effect of the antimitotic compounds on microtubules (green), actin (not shown), and chromatin (blue) distribution was imaged (8) . Examples of the effects of two different small molecules on SS-C-1 cells in mitosis (Upper) and in interphase (Lower) are shown. (8) Summary of screening results. Twelve antimitotic compounds tested on cells had pleiotropic effects and were not evaluated further. olar protein that is specifically phosphorylated in cells entering mitosis, and compounds that cause mitotic arrest would be expected to show the phenotype of increased amounts of phosphonucleolin (3) . Using this assay, we selected 139 compounds from a library of 16,320 small molecules (Fig. I) (4) . Because many known antimitotics target tubulin, we tested each of the 139 compounds for the ability to affect tubulin polymerization in vitro (5) . Fifty-two compounds inhibited tubulin polymerization (Fig. I B) (6) , and one stimulated tubulin polymerization, like the drug Taxol (7) . The remaining 86 small molecules that increased the mitotic index presumably targeted other proteins involved in mitosis and were therefore studied further.
We treated mammalian epithelial kidney cells (BS-C-I) with each of the 86 remaining compounds and examined the distribution of microtubules, actin, and chromatin in fixed cells by fluorescence microscopy (8) . Twenty-seven compounds had no observable effect on the microtubule and actin cytoskeleton or on chromosome distribution. There was an increase in the number of normal-appearing mitotic cells in response to these compounds, consistent with the observation that these compounds increase the amount ofnucleolin phosphorylation (Fig. IB) . These compoul),ds may increase the mitotic index by perturbing the function of proteins that regulate progression through the cell cycle, such as anaphase regulators, rather than structural or mechanochemical components of the mitotic spindle. It is also possible that these compounds have a subtle effect on cytoskeletal dynamics or chromosome organization that may not be observable in fixed cells.
Forty-two compounds affected cells in interphase as well as in mitosis (Fig. 1 B) . Cells treated with these small molecules had disorganized or partially depolymerized interphase microtubules in addition to abnormal mitotic spindle structures and misaligned chromosomes. The actin cytoskeleton was not affected (9) . Five other compounds altered the mitotic spindle specifically; no effect was seen on microtubules, actin filaments, or chromatin in interphase cells. The mitotic phenotypes caused by these five small molecules included chromosome misalignment, loss of spindle pole organization, changes in spindle shape, and combinations of all three.
One of these five compounds was especially interesting. In BS-C-I cells treated with this compound, the bipolar mitotic spindle ( Fig. 2A ) was replaced by a monoastral microtubule array surrounded by a ring of chromosomes (Fig. 2C ). Interphase cells were not affected (Fig. 2, B and D) . After 4 hours of treatment with this compound, a significant fraction of cells were arrested in mitosis and 90% of them displayed the monoastral phenotype. We therefore named this 1,4-dihydropyrimidine-based compound (Fig. 3D) monastrol (10) .
Normal bipolar spindles are thought to assemble in part through interactions between antiparallel microtubules from the two halfspindles (Fig. 3A) (11) . Without these interactions the spindle remains monoastral (Fig.  3B) , and the cell arrests in mitosis. Presumably the unattached kinetochores, the sites that allow microtubules to attach to chromosomes, generate signals that activate the mitotic checkpoint.
One class of proteins involved in the assembly and maintenance of the mitotic spindle is the family of mitotic kinesins, a subset of the kinesin superfamily. This superfamily contains over 100 proteins, whose other functions include organelle transport and membrane organization (12) . The first evidence that mitotic kinesins are important in establishing spindle bipolarity came from genetic studies: temperaturesensitive mutants in the BimC family of kinesins do not form bipolar spindles at the restrictive temperature (13) . Inhibition of the BimC kinesin Eg5 with Eg5-specific antibodies also induced monoasters similar to those observed after treatment with monastrol (14, 15) . We therefore hypothesized that Eg5 might be a target of monastrol.
Like other kinesins, Eg5 can drive the movement -of microtubules in vitro (16) . Monastrol inhibited Eg5-driven microtubule motility (Fig. 3C) (17) with an IC so (median inhibitory concentration) of 14 fLM (Fig. 3E) . This is comparable to the EC" (median effective concentration) of22 fLM observed in the cytoblot assay (9) . Washout experiments demonstrated that the effect of monastrol is reversible in vitro (Fig. 3C) . In vivo, essentially all cells that were arrested in monastrol for 4 hours completed mitosis after the compound was washed out (9) . To test whether inhibition of microtubule motility is specific to monastrol, we tested the closely related compound DHP2 (Fig. 3D) (17) . DHP2 did not arrest cells in mitosis or generate monoastral spindles, and it had no significant effect on Eg5-dependent microtubule motility in vitro (Fig. 3C) .
To test whether monastrol affects other motor proteins, we first determined its ability to inhibit in vitro microtubule motility driven by conventional kinesin, the founding member of the kinesin superfamily (17) . The NH 2 -terminal motor domain .of conventional kinesin shares 33% sequence identity with the Eg5 motor domain (16) . Monastrol (200 fLM) did not inhibit microtubule movement driven by conventional kinesin (Fig. 3F) (18) .
Several motor proteins, including conventional kinesin, are involved in the correct cellular localization of organelles such as lysosomes or the Golgi apparatus. To test whether monastrol affects the activity of these motor proteins, we studied organelle localization in interphase cells treated with monastrol at concentrations three times the EC so for mitotic arrest (8) . Perturbation of anyone of a number of these motor proteins would result in organelle mislocalization (19) . No effect on the localization and organization of the Golgi apparatus or lysosomes was observed (Fig. 4) . Thus, monastrol is not a general inhibitor of motor proteins.
Chromosomes attached to only one spindle pole display oscillatory movements away from and toward the spindle pole, reflecting the activity of kinetochore proteins, kinesins, and microtubule polymer-
o ization dynamics (20) . Images of live BS-C-I cells treated with monastrol revealed that chromosomes did exhibit oscillatory behavior (Fig. 5) (8) , indicating that monastrol does not inhibit chromosome attachment to microtubules.
The approach described here of screening for small molecules that affect a particular pathway or process, rather than a single protein activity, is referred to as chemical genetics because of its conceptual similarity to classic forward genetic screens (21, 22) . The cytoblot assay is a particularly versatile tool for chemical genetics because it can provide a quantitative readout of essentially any posttranslational modification if appropriate antibodies are available. In this study, we used nucleolin phosphorylation as a readout of mitosis. We then used a cytological screen to study the phenotype of treated cells in more detail, which resulted in identification of a compound that targets a protein for which no 
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Monastrol <ISM) cell-permeable small molecule modulator was previously known. The only kinesin inhibitors previously known are 5' -adenylylimido-diphosphate (AMP-PNP) (23) and a marine natural product (24) . Neither is cell permeable, and both affect multiple kinesin family members. Because compounds that cause mitotic arrests by other mechanisms have shown antitumor activity in humans (25) , monastrol may serve as a lead for the development of anticancer drugs. In any case, monastrol will be a valuable tool for dissecting the function of Eg5 in the establishment of spindle bipolarity and other cellular processes.
